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abstract: Long-nosed armadillos ( Dasypus novemcinctus) (N = 117) from Cumberland Island, Georgia were 
infected with encysted cystacanths of Macracanthorhynchus ingens and Centrorhynchus sp. and larvae of Physa- 
loptera sp. Ninety-five, 56, and <3% of the hosts had 1, 2, and 3 species of helminths, respectively. The 
frequency distribution pattern of each helminth species was aggregated; overdispersion was homogeneous across 
host sex and season variables. Abundances of all helminth species collectively, and Physaloptera sp. individually, 
were significantly greater in the warm versus cool seasons. As a corollary to Brown’s (1984) theory, we propose 
that a host population at the periphery of its geographic range may have fewer species and lower abundances 
of helminths and/or lack a defined helminth community when compared to a conspecific population at the 
host’s epicenter of origin. This may partially explain why a community of species of adult helminths has not 
developed in the recently colonized population of armadillos on Cumberland Island. Other reasons for this 
vacant niche may include (1) the unique physiology of armadillos may preclude them as a suitable definitive 
host for helminths already on the island; (2) there are no other related hosts on the island with a community 
of helminth species that could infect the armadillo; and (3) the founders of this armadillo population were not 
infected prior to colonizing the island. 

key words: Brown’s theory, Dasypus novemcinctus, geographic barrier, helminth community ecology, hel¬ 
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The range of the long-nosed armadillo ( Das¬ 
ypus novemcinctus Linnaeus) extends from the 
southern United States through Mexico and Cen¬ 
tral America into South America as far south as 
Uruguay (McBee and Baker, 1982). Armadillos 
were first reported in the United States in 1854 
from southern Texas (Bailey, 1905). Subsequent¬ 
ly, they have expanded their range northward 
and eastward from the Texas population and 
northward from expanding populations intro¬ 
duced in Florida in the early 192Q’s (Cleveland, 
1970). Active invasion at a rate of 4-10 km/yr 
has extended the present distribution of arma¬ 
dillos from central Kansas eastward to South 
Carolina (Humphrey, 1974; Mayer, 1989). 

Invasion of a species into a new locality may 
be more successful if the colonizing species is 
free from specific pathogenic parasites infecting 
it in the original habitat. Possible examples of 
this in species that have invaded North America 
include house sparrows (Passer domesticus) and 
starlings (Sturnus vulgaris), both of which have 
fewer species of parasites than their European 
counterparts (Dobson and May, 1984). Although 
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the long-nosed armadillo recently has colonized 
a large area in the southeastern United Slates, 
the few helminth surveys indicate that the in¬ 
vading population has only a fraction of the hel¬ 
minth species (Taber, 1945; Chandler, 1946, 
1954) reported in this host from its native range 
in Central and South America. 

Although islands are favored study-sites of 
ecologists, there are few studies (Kisielewska, 
1970) on the acquisition of helminths by invad¬ 
ing insular vertebrate hosts. Speci mens collected 
in conjunction with other studies on the long- 
nosed armadillo population of Cumberland Is¬ 
land, a barrier island on the coast of Georgia, 
provided a unique opportunity to determine the 
recruitment and establishment of helminths in a 
recently colonized insular host population. Our 
objectives were to examine the structure (com¬ 
position and abundances of species) and pattern 
(frequency distribution, species richness, effects 
of extrinsic and intri nsic variables) of the assem¬ 
blage of species of helminths that have been ac¬ 
quired by this armadillo population since it was 
introduced to the island; specifically, if a com¬ 
munity of helminth species has become estab¬ 
lished within this host. 
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Materials and Methods 

Study area 

The 25-km-long x 1-9-km-wide, or 9,400-ha (in¬ 
cluding salt marshes) Cumberland Island, is the most 
southern and largest of Georgia’s barrier islands. Lo¬ 
cated in Camden County, Georgia (30°48'N, 81°26'W), 
Cumberland Island is separated by a linear distance of 
about 2 km from the mainland by the Cumberland 
River and Cumberland Sound (Hillestad et al., 1975). 
In 1972, Cumberland Island was designated a National 
Seashore and incorporated into the National Park Sys¬ 
tem; prior to this, it was privately owned. The island’s 
natural history and ecology have been described in 
detail by Hillestad et al. (1975) and summarized by 
Pence et al. (1988b). 

Armadillos were first reported on Cumberland Is¬ 
land in 1973 (Hillestad et al., 1975); they are now 
abundant in most vegetated upland habitats. This in¬ 
sular population of armadillos became established ei¬ 
ther through human introduction or by natural inva¬ 
sion from the nearby mainland where armadillos were 
present at least since 1954 (Humphrey, 1974). Other 
introductions to the island during the past 10-20 yr 
include feral populations of swine, horses, and cattle 
(Hillestad et al., 1975). 

Collection of data 

In conjunction with other physiological and ecolog¬ 
ical studies by the junior authors (R.J.W. and M.N.), 

117 armadillos (67 males and 50 females; 110 adults, 
7 juveniles < 1 yr old) were collected from Cumberland 
Island by shooting during 4-7-day collection periods 
in late March (N = 28), mid-June (N= 31), late August 
(N = 29) and mid-December (N = 29) 1987. The June 
and August collections were the warm season sample, 
while the March and December collections were the 
cool season sample. About 80% of the armadill os were 
collected in oak-palmetto and oak-pine habitats. These 
habitats comprise 61% of the island’s forested area 
(Hillestad et al., 1975). Carcasses were weighed, sexed, 
and immediately frozen (Pence et al., 1988a). Age was 
based on the assumption that individuals weighing <3.0 
kg were < 1 yr old (McNab, 1980). All internal organs 
were examined; helminths were removed, identified, 
and quantified. Thin blood smears, prepared in dupli¬ 
cate immediately following death of the armadillos, 
were stained 10 min with phosphate-buffered Giemsa 
(pH 7.2) after fixation in 100% methanol for 1 min; 
they were examined microscopically for filariid nem¬ 
atodes. Necropsy techniques followed the procedures 
outlined by Wobeser and Spraker (1980), except that 
visual examination of organ contents was supple¬ 
mented by repeated washings and sedimentation in 
conicat glasses followed by examination of the sedi¬ 
ment with a dissecting microscope. Contents of the 
stomach were removed for studies on food habits and 
nutritional ecology. 

Nematodes were fixed briefly in glacial acetic acid, 
stored in a mixture of 70% ethyl alcohol with 8% glycer¬ 
ine, and examined in glycerine wet mounts. Acantho- 
cephalans were fixed and stored in alcohol-formalin- 
acetic acid (AFA) solution, stained with Semichon’s 
acetocarmine, cleared in oil of wintergreen, and mount¬ 
ed in Canada balsam. Representative specimens of the 


helminth species collected in this study are deposited 
in the U.S. National Parasite Collection (Beltsville, 
Maryland 20705, USA; accession numbers 80826- 
80828). 

Analysis of data 

Overdispersion was indicated when the variance was 
significantly larger than the mean (by chi-square anal¬ 
ysis) in the frequency distribution of the respective 
helminth species, and was defined by the negative bi¬ 
nomial parameter k (Bliss and Fisher, 1953). Homo¬ 
geneity in the values of k generated from the helminth 
species’ frequency distributions across host and sea¬ 
sonal variables were calculated by the method outlined 
in Wallace and Pence (1986) as modified from Bliss 
and Fisher (1953). 

The main and interactive effects of 2 independent 
host variables (sex and season) on the numbers of in¬ 
dividuals (abundances) of each species of helminth were 
examined with a factorial ANOVA, and for all species 
collectively with a subsequent MANOVA (PROC GLM, 
SAS; SAS Institute, Inc., 1985). Potential factors in¬ 
fluencing abundances of these helminths were sex, sea¬ 
son, and sex-season. Age could not be considered as a 
variable in the analysis because the sample size of the 
cohort of animals < 1 yr old collected during the warm 
season was too small. 

Definitions 

The terms prevalence, intensity, mean intensity, and 
abundance follow the definitions of Margolis et al. 
(1982). Overdispersion is defined by Bliss and Fisher 
(1953); the term is used herein to describe aggregated 
helminth frequency distributions as outlined by Wal¬ 
lace and Pence (1986). Helminth community herein 
refers to an assemblage of helminth species occupying 
a certain site (habitat) within the host. 

Results 

The helminth fauna 

Two larval acanthocephalans ( Macracantho- 
rhynchus ingens (Linstow, 1879) Meyer, 1933 
and Centrorhynchus sp.) encysted as cystacanths 
on the serosal surface of the gastrointestinal tract 
and in the mesenteries, and a larval nematode 
(Physaloptera sp.) from the lumen of the small 
and large intestines, were found. This is the first 
report of Centrorhynchus sp. from the long-nosed 
armadillo. Table 1 lists the prevalences, inten¬ 
sities, and abundances of these helminth species. 
Armadillos were infected with none to 3 (x = 
2.2) species of helminths. The number of ar¬ 
madillos infected with 1, 2, and 3 species of hel¬ 
minths were 111 of 117 (95%), 66 of 117 (56%), 
and 3 of 117 (<3%), respectively. There were 
6,363 helminths collected from the armadillos; 
abundances ranged from 0 to 481 (x = 14.6 ± 
5.0). Microfilariae were not observed in the blood 
smears. 
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Table 1. Visceral helminths of an insular population of long-nosed armadillos from Cumberland Island, Georgia. 



Prevalence 







Number 

infected/ 


Intensity 


Abundance 


Species of helminths 

examined 

% 

* ± SE* 

Range 

x ± SE* 

Total 

Macracanthorhynchus ingens 

11/117 

95 

47.6 ± 7.3 

0-432 

41.1 ± 6.4 

4,628 

Centrorhynchus sp. 

5/117 

4 

2.2 ± 0.7 

0-5 

0.1 ± 0.3 

11 

Physaloptera sp. 

75/117 

65 

22.5 ± 7.6 

0-481 

14.6 ± 5.0 

1,724 


* Mean ± standard error. 


Helminth dispersion patterns 

As characteristic of an overdispersed distri¬ 
bution (Bliss and Fisher, 1953), the variance was 
significantly larger than the mean for the fre¬ 
quency distributions of helminth individuals in 
each of the 3 species (Table 2). As indicated by 
Bliss and Fisher (1953) and outlined by Wallace 
and Pence (1986), the low values (< 1.0) for the 
negative binomial parameter k in each of these 
species, indicated aggregation within the host 
population and within each of the 2 host sub¬ 
populations delineated by host sex and season 
variables. However, values of k were not signif¬ 
icantly different across these host subpopulations 
when compared to the average (expected) value 
for the entire dataset (Table 2); thus, the degree 
of overdispersion was homogeneous across these 
subgroups of the host population. 

Effects of intrinsic and extrinsic variables 

The main effect of season accounted for sig¬ 
nificant differences in the numbers of individuals 
of all helminth species collectively (MANOVA) 
and individually (factorial ANOVA) for a single 
species (Table 3). Respectively, this resulted from 
the greater collective abundance of both M. in¬ 


gens and Physaloptera sp. and the significantly 
greater abundance of Physaloptera sp. in the warm 
versus cool seasons. The number of helminth 
individuals collected during the warm and cool 
seasons were 4,148 and 2,364, respectively. Mean 
abundances were 48.2 ± 9.5,0.1 ±0.1, and 20.9 
± 8.6 versus 33.7 ± 8.8, 0.1 ± 0.1, and 8.0 ± 
4.8 for M. ingens, Centrorhynchus sp., and 
Physaloptera sp., respectively. 

The number of individuals of M. ingens varied 
across host sexes. There were significantly greater 
abundances of M. ingens in females (61.6 ± 12.7) 
than males (25.9 ± 5.6). 

Discussion 

All the helminths in armadillos from Cum¬ 
berland Island were larvae, most of which were 
encysted and frequently were dead and calcified. 
The adults of M. ingens occur in carnivores, es¬ 
pecially raccoons ( Procyon lotor) (Petrochenko, 
1958). The definitive hosts of Centrorhynchus 
spp. are terrestrial birds, especially raptors (Pe¬ 
trochenko, 1958). Adult Physaloptera spp. occur 
in many species of wild and domestic mammals 
(Levine, 1968). The frequency distributions and 
abundances of these larval species tend to follow 


Table 2. Values of k as an inverse measure of overdispersion for 3 species of helminths across 4 major category 
variables delineated by host sex and season from the 117 sample dataset of the long-nosed armadillo from 
Cumberland Island, Georgia. 


Species of helminth 

Total 

(117) 

Season 

Cool 

Warm 

Heterogeneity 

Male 

(31) 

Female 

(26) 

Male 

(36) 

Female 

(24) 

Total 

X 2 

p 

Macracanthorhynchus sp. 

0.36* 

- 

0.36* 

0.35* 

0.35* 


-mm 

Centrorhynchus sp. 

0.47 

Mm 

— 

— 

0.10 


WBEm 

Physaloptera sp. 

0.07* 


0.26* 

0.12* 

0.12* 


Ell 


* Variance significantly larger than mean as determined by chi-square analysis of the frequency distribution. 
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Table 3. F values generated by MANOVA and fac¬ 
torial ANOYA for main and interactive effects of host 
sex and season factors across the 117 sample dataset 
of rank abundances for 3 species of helminths in the 
long-nosed armadillo from Cumberland Island, Geor¬ 
gia. 



Sex 

Season 

Sex x 
Season 

MANOVA 

Total helminth species 

Factorial ANOVA 

1.68 

3.59* 

0.93 

Macracanthorhynchns 

ingens 

4.75* 

3.71* 

0.02 

Centrorhynchus sp. 

0.01 

0.04 

2.57 

Physaloptera sp. 

0.41 

6.73* 

0.17 


* Significant at P < 0.05. 


similar patterns to those described for popula¬ 
tions of adult helminths in other host species (i.e., 
Wallace and Pence, 1986). Obviously, the ar¬ 
madillo is a paratenic host for these helminths, 
which probably were acquired incidentally 
through ingestion of arthropod intermediate hosts 
and after immigration to the island. Because just 
3 species of larval helminths were found, and 
only 2 of these were encysted at the same site, 
the armadillo population on Cumberland Island 
has not yet acquired a defined helminth com¬ 
munity. 

The theory of Brown (1984), which interprets 
the relationship between abundance and distri¬ 
bution of animal species, was extrapolated to 
helminth communities by Fedynich et al. (1986) 
in order to help explain the disparity of helminth 
species in a beaver (Castor canadensis) popula¬ 
tion at the southern periphery of its native range. 
While the stable high population densities at the 
host’s epicenter of origin tend to support larger 
numbers of more numerous species of helminths 
(a well-developed helminth community), the un¬ 
stable lower population densities of a host species 
at the periphery of its range may support fewer 
numbers and species of helminths (diminished 
or no helminth community). This may partially 
explain the lack of species diversity and low 
numbers of helminths in the long-nosed arma¬ 
dillo from the United States, and, specifically, 
the absence of a helminth community in the ar¬ 
madillo population from Cumberland Island, 
which is at the extreme northeastern periphery 
of its range. 

Vertebrate hosts at the extreme periphery of 


their range may outdistance many of their hel¬ 
minth parasites; however, some hosts such as 
raccoons in Saskatchewan (Hoberg and McGee, 
1982) and coyotes (Canis latrans ) in Tennessee 
(Pence, 1989) can acquire new species from tax- 
onomically related host species in the new lo¬ 
cality as replacements for those lost from their 
original helminth community. Because adult hel¬ 
minths were not found, t appears that the ar¬ 
madillo is not a suitable definitive host for any 
helminth species already established on Cum¬ 
berland Island. The long-nosed armadillo is the 
only extant representative of the mammalian or¬ 
der Xenarthra (Edentata) in North America 
(Cleveland, 1970). Lack of closely related host 
species with established helminth communities 
greatly reduces the chances for acquisition of adult 
helminths by an invading species (Pence, 1989). 
This we define as (1) the unsuitable host hy¬ 
pothesis. 

There are at least 52 species of adult helminths 
in the long-nosed armadillo and related species 
from Central and South America (Chandler, 
1946). Although only 3 species of adult hel¬ 
minths were found in this host from Texas, there 
were several encysted larval acanthocephalan and 
nematode species (Chandler, 1946). Unfortu¬ 
nately, we could not sample armadillos from the 
mainland adjacent to Cumberland Island. How¬ 
ever, if a helminth community or even individ¬ 
ual species of adult helminths did occur in ar¬ 
madillos on the mainland, then those hosts that 
emigrated to the island must not have been in¬ 
fected with sufficient numbers of helminths to 
establish and/or maintain a helminth commu¬ 
nity. This we propose as (2) the geographic bar¬ 
rier hypothesis. 

A final tentative explanation for the absence 
of a helminth community in armadillos on Cum¬ 
berland Island is that the unique physiological 
features of the Dasypodidae may prevent estab¬ 
lishment, growth, and/or reproduction of certain 
common helminth species that have little host 
specificity and are otherwise widely distributed 
across many different mammalian host taxa. 
These unique features include low body temper¬ 
atures (31°-38°C) and a physiology similar to 
poikilotherms (Chandler, 1954) in which ther¬ 
moregulatory mechanisms include shivering, 
changing posture, and probably vasoconstriction 
(Galbreath, 1982). This we term (3) the physi¬ 
ological barrier hypothesis. 

The ramifications of a host population without 
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